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Differences in Myocardial Performance and Load Between Patients
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It is not known if the favorable changes in preload and
afterload that augment ejection performance in acute
experimental aortic and mitral regurgitation are also
present in patients with chronic regurgitation. Addi-
tionally, observations that patients with mitral versus
aortic regurgitation respond differently to valve replace-
ment suggest that differences exist preoperatively be-
tween these two types of volume overload. Therefore,
ventricular mechanics were compared in nine patients
with severe aortic regurgitation, eight patients with se-
vere mitral regurgitation and seven normal subjects. The
amount of volume overload was similar in both groups
with regurgitation. In both aortic and mitral regurgi-
tation, ejection performance was reduced compared with
findings in normal subjects. Preload estimated as end-
diastolic stress was comparably elevated above normal
Patients with valvular heart disease are usually classified
hemodynamically as having either pressure or volume over-
load 0-3). Aortic and mitral regurgitation are both fre-
quently classified as volume overload states 0-3). When
acutely induced, both aortic and mitral regurgitation are
associated with an increase in left ventricular preload and
a reduction in afterload (4). These favorable changes in
loading conditions augment systolic perfonnance without
an increase in myocardial inotropic state. Gradually, as sar-
comeres are added in series, the left ventricle dilates (5).
Wall thickening may be sufficient to nonna:Iize systolic wall
stress, which helps to maintain nonnal pump perfonnance
(2). Ultimately, however, systolic perfonnance fails despite
these adaptations to chronic volume overload. Impaired pump
perfonnance in patients with chronic aortic or mitral re-
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in both groups with regurgitation: 69 ± 24 dynes x
103/cm2 in mitral regurgitation compared with 81 ± 34
dynes x 103/cm2 in aortic regurgitation and 36 ± 11
dynes x 103/cm2 in normal subjects. However, afterload
estimated as. mean systolic stress was normal in mitral
regurgitation (186 ± 34 dynes x 103/cm2) but markedly
elevated in aortic regurgitation (260 ± 41 dynes x
103/cm2) (p < 0.01). Contractile depression tended to be
more severe in mitral regurgitation despite similar ejec-
tion performance in mitral and aortic regurgitation.
Thus, in mitral regurgitation favorable loading con-
ditions may mask contractile dysfunction, and in aortic
regurgitation excessive afterload contributes to poor pump
performance, possibly accounting for previously ob-
served differences in the response to valve replacement.
gurgitation has been attributed to depressed myocardial in-
otropic state (6,7).
Although aortic and mitral regurgitation produce similar
clinical courses and patterns of hypertrophy, the surgical
correction of these two lesions may produce different re-
sults. Correction of aortic regurgitation usually results in
improved pump perfonnance with a perioperative mortality
that is not adversely affected by mild to moderate preop-
erative pump dysfunction (8,9). Even if perfonnance is ini-
tially depressed postoperatively, it may improve with time
(3,10). In contrast, correction of mitral regurgitation usually
results in a persistent decrease in systolic performance; fur-
thermore, perioperative mortality may be high in patients
with even mildly impaired preoperative ventricular perform-
ance 01,12). Late improvement in ejection performance in
mitral regurgitation has been noted not to occur (3). The
less satisfactory results of valve replacement for mitral re-
gurgitation have been attributed to depressed muscle ino-
tropic state that was masked by favorable loading conditions
before mitral valve replacement (7,13,14).
We suspected that different preoperative loading condi-
tions exist in patients with similar volume overload from
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aortic versus mitral regurgitation which might help to ac-
count for the different response to valve surgery between
the two lesions. We wondered whether load alterations found
in acute experimental aortic and mitral regurgitation ex-
tended to the chronic overloaded state in human beings. We
therefore performed this study to compare load and per-
formance between chronic mitral and aortic regurgitation in
patients with similar volume overload from the two lesions.
Methods
Patients. Catheterization reports and angiograms of 92
patients undergoing catheterization for either aortic or mitral
regurgitation from March 1974 to June 1982 were reviewed.
Excluded from analysis were all cases in which any of the
following were found: 1) atrial fibrillation that would in-
validate the calculation of regurgitant fraction; 2) aortic
valve gradient greater than 10 mm Hg; 3) mitral valve area
less than 1.5 mm2 ; 4) coronary stenosis greater than 50%
of luminal diameter or history of myocardial infarction; 5)
bivalvular left sided regurgitation; 6) ventricular angiogram
in which the endocardial border or wall thickness could not
be clearly defined, or in which two consecutive sinus beats
could not be found; 7) pressure tracings judged to be of
poor fidelity; and 8) a change of more than 50 ms in the
cardiac cycle between the time the left ventricular pressure
was recorded and the time the ventricular angiogram was
recorded. Of the remaining patients, nine had isolated an-
giographically graded severe aortic regurgitation, and eight
had isolated angiographically graded severe mitral regur-
gitation (Table I). All had been symptomatic for at least 2
months. Seven patients who had chest pain symptoms atyp-
ical of angina and in whom no evidence of heart disease
was found at catheterization constitute the normal group.
The patients' symptoms were determined from hospital rec-
ords. Medications are shown in Table 1.
Catheterization and data acquisition. In all of the pa-
tients with valvular regurgitation and in six of the seven
patients without heart disease, right heart pressures were
measured and cardiac output was determined by either the
dye-dilution or Fick method. Left ventricular pressure was
measured in three patients (one in each of the three groups)
with a micromanometer-tip catheter. In the remaining pa-
tients, left ventricular pressure was measured with a standard
fluid-filled catheter.
Left ventricular volumes were determined using the area-
length method and a regression equation for the right anterior
oblique projection (15). Cineangiograms were recorded at
60 frames/s, and for each frame throughout the cardiac cycle
ventricular length(L) and area(A) were measured; diameter
was calculated as D = 4A/ 'lTL, and wall thickness was
calculated from end-diastolic thickness and mass, assuming
a constant mass for each frame, according to the method of
Hugenholtz et al. (16). Wall thickness was measured at the
Table 1. Clinical Data
Control AR MR
Patients (no.) 7 9 8
Age (yr) 53 ± 11 54 ± 9 56 ± 16
Sex (M/F) 4/3 6/3 3/5
Etiology
Rheumatic 4 2
Infective 0 I
Myxomatous I 3
Unknown 4 2
Functional class (NYHA)
I 0 0
II 7* 3 I
III 4 3
IV 2 4
Medication
Diuretic drugs I 6 6
Digitalis I 6 6
Nitrates 2 2 I
Beta-receptor blockers 2 2 0
*The seven control patients were in class II because of chest pain
atypical of angina. AR = aortic regurgitation; F = female; M = male;
MR = mitral regurgitation; NYHA = New York Heart Association.
mid anterior wall of the right anterior oblique ventriculo-
gram at end-diastole.
Mean circumferential fiber shortening velocity (Vcf) was
calculated as: Vcf = (Ded - Des)/(Ded X ET), where
Ded is minor axis of the ventricle at end-diastole, Des is
minor axis at end-systole and ET is ejection time.
Ejectionfraction was measured as angiographic SV/EDV,
and regurgitant fraction (RF) as RF = (SV - FSV)/SV,
where SV = angiographic stroke volume and FSV = for-
ward stroke volume obtained from the cardiac output de-
terminations divided by the heart rate. The first well opa-
cified beat of each ventricular angiogram was used; premature
and postpremature beats were not used in the frame by frame
analysis.
Circumferential wall stress was calculated frame by frame
using Mirsky's equation (/7):
Pb , , ,
S = h [I - (h/2b) - (b-/2a-)] x 1,332 dynes/em-,
where P is instantaneous left ventricular pressure, b is mid-
wall minor hemiaxis (D/2 + h/2), a is major hemiaxis (L/2
+ h/2) and h is wall thickness.
Left ventricular pressure was obtained immediately be-
fore, and not simultaneously with, the left ventricular an-
giogram; however, patients in whom the cardiac cycle was
altered by more than 50 ms during this interval were ex-
cluded from analysis. Analog pressure recordings, which
were thus closely matched by RR intervals to volumes, were
converted to digital form using an XY digitizer. End-dia-
stolic pressure was defined as the pressure coinciding with
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the midpoint of the QRS complex of the electrocardiogram
inscribed on the pressure recording. The corresponding end-
diastolic volume was located by an electrocardiographic
tracing inscribed on the cine film. A computer was used to
calculate and plot the frame by frame stress and volume
measurements as a function of time, and integrate stress
throughout systole as a measure of mean stress. End-systolic
stress was that which coincided with the nadir of the volume-
time plot. In addition, the ratio of systolic stress to systolic
volume was calculated in each frame; the maximum of this
value provides an estimate of contractile function (II) and
occurs at or very near end-systole (18).
Statistical analysis. The data are reported as mean ±
standard deviation. Comparison among the three study groups
was made by analysis of variance followed by a posthoc
Neuman-Kuel test. Probability (p) values of less than 0.05
were considered statistically significant.
Results
Clinical data. All of the patients with valvular regur-
gitation had symptoms and 76% were in New York Heart
Association functional class III or IV (Table I). Overload
was chronic in all of the patients studied; patients with
symptoms lasting less than 8 weeks were excluded from
analysis.
Left ventricular hemodynamics and mechanics (Table
2). Cardiac index and left ventricular end-diastolic pressure
Table 2. Hemodynamic and Angiographic Data
were abnormal in both groups of patients with regurgitation;
pulmonary artery wedge pressure was significantly elevated
above normal only in the group with mitral regurgitation.
Volume overload. Evidence of chronic, severe volume
overload was present to a comparable degree in both groups
of patients with valvular regurgitation. All patients had re-
gurgitation that was graded as severe angiographically, and
the severity of the volume overload was also reflected in
the regurgitant fractions (0.61 ± 0.12 for aortic regurgi-
tation versus 0.72 ± 0.17 for mitral regurgitation; differ-
ence not significant). Both the severity and the chronicity
of the volume overload in these groups are also reflected in
the left ventricular end-diastolic volumes, which were nearly
twice the mean value found in normal subjects (Fig. I).
Preload and afterload (Fig. 2). Preload estimated as
end-diastolic stress was elevated to a similar degree above
that of normal subjects in the groups with aortic or mitral
regurgitation (69 ± 24 dynes x 103/cm2 in mitral regur-
gitation, 81 ± 34 in aortic regurgitation and 36 ± II in
normal subjects). However, afterload measured as either
peak systolic stress, mean systolic stress or end-systolic
stress was markedly elevated in the patients with aortic
regurgitation but was similar to that of normal subjects in
patients with mitral regurgitation.
Ejection performance. This variable, measured as either
mean circumferential fiber shortening velocity (Vcf) or ejec-
tion fraction, was reduced in both groups with regurgitation
compared with findings in normal subjects (ejection fraction
Heart rate (beats/min)
Pulmonary systolic pressure (mm Hg)
Pulmonary diastolic pressure (mm Hg)
Pulmonary wedge pressure (mm Hg)
Cardiac index (liters/min per m2)
LV systolic pressure (mm Hg)
LVend-diastolic pressure (mm Hg)
LVend-diastolic volume index (ml/m2)
LV end-systolic volume index (mt/m2)
Vcf (lengths/s)
Ejection fraction
Regurgitant fraction
LV free wall thickness (mm)
LV mass index (g/m2)
LV peak systolic stress (kdynicm2)
LVend-systolic stress (kdyn/cm2)
LV mean systolic stress (kdyn/cm2)
LV end-diastolic stress (kdynicm2)
ESS/ESVI ratio (kdyn/cm5 per m2)
Control Subjects
61 ± 7
23 ± 3
8 ± 2
7 ± 2
2.9 ± 0.4
131 ± 22
12 ± 3
88 ± 19
21 ± 8
1.44±0.19
0.77 ± 0.05
9.3 ± 0.9
117 ± 19
256 ± 16
124 ± 20
188 ± 10
36 ± II
6.9 ± 2.9
Patients With
MR
89 ± 20:j:
46 ± 20*
23 ± 11*
20 ± 8:j:
2.2 ± 0.6*
109 ± 14
22 ± 8*
168 ± 69*
65 ± 40*
1.12 ± 0.25*
0.63 ± 0.07*
0.72 ± 0.17
9.7 ± 0.7
176 ± 36*
263 ± 42
140 ± 44
186 ± 34
69 ± 24*
2.6 ± 1.2*
Patients With
AR
69 ± 13
33 ± 7
15 ± 4
13 ± 5
2.3 ± 0.3*
152 ± 19t
23 ± 8*
159 ± 46*
65 ± 31 *
1.04 ± 0.25*
0.60 ± 0.14*
0.61 ± 0.12
10.6 ± 1.5*
187 ± 46*
337 ± 57t
246 ± 62t
260 ± 41t
81 ± 34*
4.2 ± 1.3*
AR = aortic regurgitation; ESS = end-systolic stress; ESS/ESVI = end-systolic stress/end-systolic volume index; ESVI = end-systolic volume
index; kdyn = 1,000 dynes; LV = left ventricular; MR = mitral regurgitation; Vcf = velocity of circumferential fiber shortening. Values are mean
± standard deviation. Symbols representing significant differences are: *different from control; tdifferent from control and mitral regurgitation; :j:different
from control and aortic regurgitation.
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Figure 1. Comparison of end-diastolic volume and ejection frac-
tion in patients with aortic regurgitation (AR), mitral regurgitation
(MR) and control subjects (C). Values are mean ± standard de-
viation. The symbol * indicates a significant (p < 0.05) difference
from the control group.
Discussion
Mitral versus aortic regurgitation. The present study
of mechanics in chronic severe valvular regurgitation re-
vealed the following similarities and differences between
aortic and mitral regurgitation that produced comparable
degrees of volume overload: 1) preload measured as end-
diastolic stress was augmented to a similar degree above
normal in both regurgitant lesions; 2) afterload measured as
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peak systolic stress, end-systolio stress or mean systolic
stress was markedly increased in aortic regurgitation but in
mitral regurgitation was similar to that of normal subjects;
3) ejection performance measured as mean circumferential
fiber shortening velocity or ejection fraction was mildly
reduced in both aortic and mitral regurgitation; and 4) con-
tractile performance estimated as the ratio of end-systoli~
stress to end-systolic volume index was reduced in both
lesions and tended to be more depressed in mitral regur-
gitation. Thus, in contrast to the normal afterload and in-
creased preload in mitral regurgitation which may partly
mask the effects of reduced inotropic state on pump per-
I
formance, excessive afterload cqntributes to the impaired
ejection performance seen in adrtic regurgitation despite
increased preload. i
Acute versus chronic regurgitation. When either aor-
tic or mitral regurgitation develops acutely, pump perform-
ance is enhanced because of favorable loading conditions
without a change in inotropic state. Urschel et al. (4) found
that preload was augmented in both regurgitant lesions and
afterload was clearly reduced in acute mitral regurgitation.
In acute aortic regurgitation, afterload was somewhat higher
than control; however, when compared at comparable end-
diastolic volumes, afterload measured as either peak or in-
tegrated wall tension was lower than control in acute aortic
Figure 2. Comparison of preload measured as end-diastolic cir-
cumferential wall stress and afterload measured as peak or end-
systolic stress in patients with aortic regurgitation (AR), mitral
regurgitation (MR) and control subjects (C). Values are mean ±
standard deviation. The symbol * indicates a significant (p < 0.05)
difference from the control group.
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0.63 ± 0.07 in mitral regurgitation, 0.60 ± 0.14 in aortic
regurgitation and 0.77 ± 0.05 in normal subjects);Vcf 1.12
± 0.25 circ/s iIi mitral regurgitation, 1.04 ± 0.25 in aortic
regurgitation and 1.44 ± 0.19 in normal subjects. Although
there was no significant difference in ejection performance
between patients with aortic and mitral regurgitation (Fig.
1), there was a highly significant association between ejec-
tion fraction and end-systolic stress in patients with aortic
regurgitation that was not present in patients with mitral
regurgitation (Fig. 3). Contractile function, estimated as the
end-systolic stress/end-systolic volume ratio, tended to be
more reduced in the patients with mitral than in those with
aortic regurgitation, but the difference was not statistically
significant.
Stress-volume loops (Fig. 4). When patients were matched
as closely as possible for end-diastolic volume index and
regurgitant fraction, stress throughout systole was higher in
aortic than in mitral regurgitation for all except two pairs
of patients.
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Figure 3. Relation between ejection fraction (EF)
and end-systolic stress within patient groups deter-
mined by multiple linear regression analysis. Among
patients with aortic regurgitation (panel A), there
was a highly significant (p < 0.(05) inverse cor-
relation (r == 0.84) for end-systolic stress and ejec-
tion fraction. Among patients with mitral regurgi-
tation (panel B), there was no significant correlation
between ejection fraction and end-systolic stress (p
== 0.09, r == 0.64). The mean and standard devia-
tion for normal subjects is shown as + .The data
suggest that excessive afterload was a factor asso-
ciated with pump dysfunction in patients with aortic
regurgitation, but was not a significant factor in
pump dysfunction in patients with mitral regur-
gitation.
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regurgitation because of a reduction in aortic diastolic pres-
sure (4).
It has been unclear to what extent the mechanics found
in acute regurgitation are operative in patients with chronic
regurgitation who have developed myocardial hypertrophy
and chamber dilation. We found that preload was signifi-
cantly elevated in both lesions as it is in acute mitral and
aortic regurgitation. However, afterload was different in
chronic regurgitation from that reported in acute regurgi-
tation: in mitral regurgitation wall stress had increased to
normal levels despite unloading of the left ventricle into the
relatively low pressure left atrium. Normal instead of re-
duced systolic stress in chronic mitral regurgitation is ap-
parently the result of chamber dilation, because left ven-
tricular pressure was slightly lower than that found in our
normal subjects and left ventricular wall thickness was slightly
greater than the normal value. Conversely, in aortic regur-
gitation, wall stress was markedly elevated, probably owing
to high systolic pressure and chamber dilation.
Contractile function. An estimate of contractile func-
tion independent of loading conditions may be obtained from
the relation between end-systolic pressure (or stress) and
end-systolic volume (18). Contractile function estimated by
this method was lower than normal in both of our patient
groups, but, contractile impairment tended to be more ad-
vanced in the patients with mitral regurgitation. This is
consistent with the previous observation of others (7) that
patients with mitral regurgitation may remain asymptomatic
for a longer period of time than patients with aortic regur-
gitation and may present for catheterization with a more
advanced degree of myocardial dysfunction.
Limitations of study. Patient groups. The sample size
of our study is small but the results were consistent among
the groups of patients. Our major goal was to compare
loading conditions in groups of patients having a comparable
degree of volume overload produced by either chronic aortic
or chronic rnitral regurgitation. Although no patient was
entered in the study who had symptoms for less than 2
months, the duration of the asymptomatic period of overload
was unknown in many of our patients. Thus, it is possible
that the two groups with regurgitation were not identical in
terms of the duration of overload; however, the severe and
comparable degree of chamber dilation in aortic and mitral
regurgitation is evidence that the overload was similar in
severity. Quantitating the degree of regurgitation is difficult.
All of our patients had severe regurgitation by angiography
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and although the calculation of regurgitant fraction is subject
to error, this measure of overload was also comparable in
these two groups. Thus, we believe that our patients with
aortic and mitral regurgitation had similar degrees of volume
overload,
Estimate of contractile function, This estimate by the
ratio of end-systolic stress to end-systolic volume index ratio
is also subject to error. The end-systolic volume index has
been shown to have prognostic value (\2) in patients
undergoing valve replacement for aortic or mitral regurgi-
tation, and the stress-volume ratio is a refinement of this
index (11 ,19-21) that takes afterload into account. Whether
or not the ratio is as sensitive to changes in inotropic state
and insensitive to changes in load as end-systolic stress-
volume relation obtained from load manipulation is un-
known (18), However, the major purpose of our study was
to compare load conditions in similar degrees of aortic and
mitral regurgitation; therefore, an error in estimation of con-
tractile function from stress-volume ratio would not alter
our major conclusions.
Medications, The drug therapy received by our patients
might have some effect on loading conditions and pump
performance, Six patients in both groups with regurgitation
were taking a digitalis preparation and a diuretic agent; two
patients with aortic regurgitation and one with mitral re-
gurgitation were taking nitrates, and two patients with aortic
regurgitation were receiving beta-adrenergic blocking ther-
apy. We cannot exclude some effect of these drugs on our
measurements. However, the vasodilators and diuretic agents
with which the patients were treated would have tended to
reduce preload and afterload, Absence of these medications
would probably have made preload and afterload even greater.
Thus, it is very unlikely that our conclusions, which are
based on large differences found in systolic and diastolic
stress, would be significantly altered had our patients not
been taking these medications.
Use offluid-filled catheters, Finally there may be small
errors in our stress measurements attributable to the use of
a fluid-filled catheter in most of our patients. The delay in
pressure recording when using a fluid-filled system matches
a slightly lower than actual pressure with a relatively large
volume in early systole and tends to cause underestimation
of peak stress, The delay may match a slightly higher than
actual pressure with volume at end-systole and cause over-
estimation of end-systolic stress. Mean stress is probably
unaffected by the delay because underestimation errors in
early systole tend to cancel out overestimation errors in late
systole. However, pressure and volume were carefully
matched for RR intervals, and the time delay in transmission
of pressure through well flushed fluid-filled catheters has
been shown to be only about 10 ms (6), which is less than
the time between cine frames. Previous studies in our lab-
oratory (22,23) demonstrate that no serious error is induced
by these methods.
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Figure 4. Stress-volume loops for eight pairs of patients with
aortic regurgitation (solid squares) and mitral regurgitation (open
circles), matched as closely as possible for end-diastolic volume
index. Unsmoothed data points were plotted at 33 ms intervals,
beginning at end-diastole in the bottom right of each loop and
proceeding counterclockwise. Except for pairs IP, WA and WS,
SL, systolic stress is greater throughout systole in aortic versus
mitral regurgitation,
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Relation to previous studies. Our findings help explain
the results of previous clinical investigations. Ejection per-
formance is often reduced early as well as late after surgical
correction of chronic, severe mitral regurgitation (3,24,25).
Unfavorable postoperative changes in ejection performance
could be the result of an increase in afterload, a reduction
in preload, or reduction in inotropic state; preoperatively,
favorable loading conditions may mask the effects of de-
pressed inotropic state on pump performance (7). In five
patients undergoing mitral valve replacement, Wong and
Spotnit~ (13) reported an increase in both left ventricular
pressure and wall stress during the latter part of systole,
suggesting that afterload was increased by restoration of
mitral competence. It might therefore be expected that, as
a result of increased afterload, decreased systolic emptying
would account for the decrease in postoperative ejection
fraction. However, Schuler et 'II. (24) and Kennedy et 'II.
(25) found that reduced ejection fraction after mitral valve
replacement was associated with a significant decrease in
end-diastolic chamber volume but no significant change in
end-systolic volume except for a small subset of patients
(24) with extreme preopetative chamber enlargement. These
apd our data support the concept that after mitral valve
replacement preload decreases and afterload either increases
or remains normal, resulting in a decrease in ejection fraction.
Postoperative changes in pump performance are gen-
erally more favorable in patients with aortic (3,8-10) than
in patients with mitral regurgitation. It is well known that
afterload mismatch may contribute substantially to the pre-
operative pump dysfunction seen in patients with pressure
overload because of aortic stenosis (22,26-29). However,
in aortic regurgitation, which has usually been considered
a volume overload lesion (1-3), it has not been recognized
until recently that excessive afterload may contribute to
preoperative pump dysfunction in these patients. The results
of the present study support afterload measurements in re-
cent studies of aortic regurgitation (19,30-32) and show
that, for a similar degree of volume overload, afterload may
be excessive in patients with chronic aortic regurgitation
compared with patients with chronic mitral regurgitation.
Excessive afterload is probably responsible, in part, for
impaired left ventricular performance in the early period
after aortic valve replacement (31,32). Restoration of aortic
valve competence could be expected to reduce systolic pres-
sure concomitantly with stroke volume and pulse pressure.
Additionally chamber dilation often regresses after valve
replacement (33). Both factors lead ~o a reduction in after-
load and improvement in ejection performance (30). Relief
of excessive afterload after restoration of aortic valve com-
petence may explain why some patients with advanced
congestive heart failure due to chronic, severe aortic re-
gurgitation may experience eventual improvement in func-
tional class and hemodynamic performance after aortic valve
replacement (3,10,33,34). Elevated stress in concert with
more severe muscle dysfunction may be present in those
patients who fail to improve.
Conclusions. In contrast to the favorable loading con-
ditions that may partially mask preoperative contractile dys-
function in patients with mitral regurgitation, markedly el-
evated afterload may contribute to preoperative pump
dysfunction in patients with aortic regurgitation. These find-
ings help explain previous observations that some patients
with aortic regurgitation and pump dysfunction may expe-
rience improvement in left ventricular performance after
valve replacement while patients with mitral regurgitation
often encounter a persistent postoperative reduction in left
ventricular function.
We thank Cassandra Frazier for the preparation of this manuscript.
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